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Original Article

Improving inpatient glycemic control is an area of focused 
quality improvement in United States hospital systems, and 
was recently championed by the consortium for Planning 
Research in Inpatient Diabetes. Inpatient hyperglycemia is 
common and affects up to 40% of all hospitalized patients, 
and may be present in up to 70% of those patients presenting 
with an acute coronary syndrome.1 Hyperglycemia is also 
associated with significant adverse outcomes, including 
increased mortality and increased length of hospitalization.2,3 
Many inpatients require insulin to control their glucose, a 
medication that carries a significant risk of hypoglycemia and 
its associated morbidity.4,5 Though data from observational 
studies suggest that hyperglycemia is detrimental for hospi-
talized patients, the optimum glucose range in these patients 
is less clear. Randomized controlled trials in the intensive 
care setting have suggested both benefits and harms associ-
ated with tight glucose control, and outcomes appear to differ 
between medical and surgical patients.6-8 Less data are avail-
able with regard to patients in the non-critical-care setting. In 
2009 the American Association of Clinical Endocrinologists 

and the American Diabetes Association published a consen-
sus statement regarding inpatient glucose control.9 The 
authors recommended a number of research questions for 
future studies to address, including what hospital systems are 
necessary to improve both inpatient glucose control as well as 
patient safety.9

Inpatient glucose control involving an inpatient diabetes 
team, provider and staff education, and well-developed pro-
tocols has been associated with both improved costs and 

563953 DSTXXX10.1177/1932296814563953Journal of Diabetes Science and TechnologyMulla et al
research-article2014

1Eastern Virginia Medical School, Department of Medicine, Norfolk, VA, 
USA
2Eastern Virginia Medical School, Department of Medicine, Strelitz 
Diabetes Center for Endocrine and Metabolic Disorders, Norfolk, VA, 
USA
3Glytec Systems, Greenville, SC, USA

Corresponding Author:
Joseph A. Aloi, MD, Eastern Virginia Medical School, Department 
of Medicine, Strelitz Diabetes Center for Endocrine and Metabolic 
Disorders, 855 W Brambleton Ave, Norfolk, VA 23510, USA. 
Email: aloija@evms.edu

Tides of Change: Improving  
Glucometrics in a Large Multihospital 
Health Care System

Christopher M. Mulla, MD1, David C. Lieb, MD2,  
Raymie McFarland, MS3, and Joseph A. Aloi, MD2

Abstract
This study explores the relationship between education for inpatient diabetes providers and the utilization of insulin order 
sets, inpatient glucometrics, and length of stay in a large health care system. The study included patients with and without the 
diagnosis of diabetes. An education campaign included provider-directed diabetes education administered via online learning 
modules and in-person presentations by trained individuals. Relationships among provider-attended diabetes education, 
order set usage, and inpatient glucometrics (hypo- and hyperglycemia) were analyzed, as well as length of stay. Insulin 
use knowledge scores for all providers averaged 52%, and improved significantly to 93% (P < .001) by the end of the 
education intervention period. Likewise utilization of electronic basal-bolus order sets increased from a baseline of 20% for 
patients receiving insulin to 86% within 6 weeks (P < .01) of introduction of order sets. During the study, the incidence of 
hypoglycemia and hyperglycemia declined from 1.47% to 1.27% and from 23.21% to 17.80%, respectively. However, these 
improvements were not sustained beyond the completion of the education campaign. Education of diabetes health care 
providers was provided in a large, multihospital system through the use of online learning modules. Adoption of standardized 
insulin order sets was associated with an improvement in glucometrics. This educational and quality initiative resulted in 
overall improvements in insulin knowledge, adherence to recommended order sets, inpatient glucometrics, and patient 
length of stay. These improvements were not sustained, reinforcing the need for repeated educational interventions for 
those involved in providing inpatient diabetes care.
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decreased length of stay.10,11 Education, in particular, is a 
critical part of developing an inpatient glycemic program. 
Insulin preparation, prescription, and administration involve 
multiple providers, including pharmacists, physicians, and 
nurses. Dedicated educational programs for nurses, medical 
trainees, nurse practitioners, physician assistants, and physi-
cians have resulted in improvements in inpatient glucomet-
rics, defined as the analysis and reporting of significant 
hypoglycemic and hyperglycemic events in a hospital set-
ting.12-15 The introduction of electronic medical record plat-
form-based insulin order entry with standardized insulin 
order sets has improved the proper use of insulin in the hos-
pital.16 However, the implementation of such changes can be 
complex when involving large hospitals and multisite hospi-
tal systems.

This article describes a quality improvement project con-
ducted in an integrated multihospital health care system in 
southeastern Virginia (including Sentara Healthcare and 
Eastern Virginia Medical School). The aim of this quality 
improvement project was to determine if an education cam-
paign coordinated with implementation of electronic insulin 
order sets would increase adherence to practice guidelines in 
insulin usage, and improve glucometrics and patient out-
comes in a large multihospital system. We describe the jour-
ney and experience of our own organization and demonstrate 
the importance of measuring and understanding glucomet-
rics in the hospitalized patient population. Our study rein-
forces not only the importance of integrating technology in 
improving inpatient glucometrics across a large number of 
patients but also the need for repeat education and assurance 
that providers understand the significance of adopting new 
technology.

Methods

Setting, Practitioners, and Patients

This quality improvement project was reviewed by the 
Eastern Virginia Medical School Institutional Review Board. 
All data collected were in aggregate form and not linked to 
an individual’s personal health information. The project was 
conducted in an integrated health care system in southeastern 
Virginia that includes 7 hospitals and a total of 1760 patient-
beds. Approximately 22 000 patients who were hospitalized 
and available for review annually between 2008 and 2011 
were analyzed in this project, including those with a dis-
charge diagnosis of diabetes that were retrospectively identi-
fied. Following the adoption of an electronic medical record 
(EMR), the EMR was used to enter all insulin orders (Epic; 
Epic Systems Corporation, Verona, WI). An educational 
campaign was designed and conducted over a 3-month 
period between November 2009 and January 2010. Inpatient 
blood glucose and length of stay data were reviewed for the 
years 2010 through 2012. Critically ill and non–critically ill 

patients were included, as well as all general medical and 
surgical patients. Various health care professionals were 
involved in ordering and adjusting insulin in this study, 
including physicians, physicians in training, and midlevel 
providers. A concerted educational campaign specifically 
directed to appropriate insulin usage and managing inpatient 
hyperglycemia was offered to all licensed providers, nurses, 
residents, and pharmacists. This took the form of computer-
based learning modules, didactics, and lectures.

Glycemic Control Committee

A glycemic control committee was developed to create 
appropriate educational materials and to assist with the 
implementation and use of electronic insulin order sets. The 
committee included representative endocrinologists, nursing 
administrators, pharmacists, hospital administrators, and 
internal medicine residents and met regularly for 3 months 
prior to starting the project. The committee developed orders 
sets incorporating the use of basal-bolus insulin (BBI) regi-
mens, and eliminated the use of more traditional sliding-
scale insulin (SSI). They also encouraged the use of more 
rapid-acting analogue insulin rather than regular insulin. 
Rapid-acting analogs were chosen as they have been associ-
ated with improved inpatient glycemic control and allow 
nurses to give insulin with meals in patients with unpredict-
able diets.17,18 The glycemic control committee identified 
“champions” that included physicians, pharmacists, nurses, 
and case managers, who were selected to develop and deliver 
study-related education.

Study Intervention

Education Campaign.  The education campaign included both 
online webinars and live in-person lectures. Providers were 
given insulin-prescribing guidelines on a laminated card for 
easy use. Knowledge assessment regarding inpatient glyce-
mic management with insulin was completed before and 4 
weeks after the education campaign by nurses, pharmacists, 
and physicians. The knowledge assessment tool included 25 
questions and was based on the Johns Hopkins Insulin 
Knowledge Tool.19

Order Set Implementation.  Several interventions were imple-
mented to discourage the use of SSI, to support BBI orders, 
and to reduce the use of regular insulin. Paper SSI order 
sheets were completely removed. When an EMR was uti-
lized, attempts to enter SSI orders brought up a warning mes-
sage indicating that best practices would recommend the use 
of the new BBI order set.

Glucose and Hospital Patient Metrics.  Both point-of-care fin-
ger-stick blood glucose samples and plasma glucose samples 
were included in the determination of average blood glucose 
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during each patient’s hospitalization. When determining 
effects of the education campaign and order set changes on 
length of stay, patients were divided into 4 groups: nondia-
betic patients, diabetics admitted for a diabetes-related con-
dition, diabetics admitted for a non-diabetes-related 
condition, and patients without a known history of diabetes 
who developed hyperglycemia following admission for a 
non-diabetes-related problem.

Statistics

Statistical analysis was performed by Atlanta Diabetes 
Associates. Chi-squared tests were used for all the analysis 
as follows: hypoglycemia (percentage blood tests < 70 mg/
dL) and hyperglycemia (percentage blood tests > 180 mg/
dL) were compared in each interval time in the consecutive 
data series as compared to baseline. The utilization of BBI 
orders was determined as the percentage of patients pre-
scribed compared between each data set and the next con-
secutive data set in the timeline. Education test scores were 
analyzed as the percentage correct answers compared 
between the preeducation period and the posteducation 
period. This was done for 3 different job descriptions and for 
the combined set of job descriptions.

Results

Prior to initiation of the education campaign, 344 nurses, 138 
pharmacists, and 85 physicians were given the insulin 

knowledge assessment tool (Figure 1). The average preeducation 
campaign score among all providers was 52% correct. Four 
weeks after the education campaign the insulin knowledge 
assessment tool improved significantly to an average of 93%  
(P < .001) correct. There were no significant differences between 
the different providers before or after the campaign.

The utilization of BBI order sets increased significantly 
during the education campaign (Figure 2). Prior to the start 
of the education campaign, only 20% of the insulin orders 
were basal-bolus orders. By the end of the education cam-
paign period this had increased to 86% (P < .01). The utiliza-
tion of basal-bolus orders remained >90% for the remainder 
of the study period (data not shown).

The changes in insulin orders corresponded to improve-
ments in average glucose readings. Prior to the initiation of 
the education campaign, the percentage of finger-stick hypo-
glycemic events (defined as a glucose < 70 mg/dL) was 
1.47% but improved following the education period to 1.24% 
(P = NS) (Figure 3).

Subsequently, the hypoglycemia rates increased in 2010 
to 2.66% (P < .001), but then began falling (to 2.17%) by 
2012. During the period 2009-2010 there was a reduction in 
the percentages of hyperglycemic events (defined as a glu-
cose > 180 mg/dL) from 23.21% of inpatient glucose read-
ings to 17.80% (P < .001) at the end of the education 
campaign (Figure 4).

Incidence of hyperglycemia followed a similar trend as 
hypoglycemia after the intervention, initially increasing in 
2010, then making gradual improvements each year.

Figure 1.  Insulin knowledge assessment scores before and after educational campaign. White bar represents insulin knowledge 
assessment scores before educational campaign; black bar represents insulin knowledge assessment scores after educational campaign.
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Changes were observed in the length of hospital stay after 
our intervention in patients with diabetes from 6.64 to 6.31 
(P < .001), and especially in those hyperglycemic patients 
who did not have a previous diagnosis of diabetes 12.98 to 
11.02 (P < .001) (Figure 5).

The average length of stay in the hospital for nondiabetic 
patients did not change during the study period 4.4 to 4.4, 

highlighting the effect of intervention on the length of stay 
reduction for the different hyperglycemic groups.

Discussion

This study describes a large, multihospital intervention 
involving both an online educational component and the use 

Figure 2.  Utilization of basal-bolus insulin (BBI) versus sliding-scale insulin (SSI) order sets during the educational campaign (November 
2009 through January 2009). NS, not significant.

Figure 3.  Percentage of hypoglycemic events (<70 mg/dL) across 7 hospitals. NS, not significant.
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of insulin orders sets incorporated into an EMR. We devel-
oped an educational campaign partnered with an inpatient 
basal-bolus electronic order set followed by the implementa-
tion of that project into 7 large hospitals servicing over 
20 000 patients annually. We show improvements in medical 

knowledge across a variety of providers and significant 
adherence to the new protocols. We noted significant 
improvements in our glucometrics, including a significant 
reduction in hyperglycemia, and a nonsignificant reduction 
in hypoglycemia. These improvements were coupled with 

Figure 4.  Percentage of hyperglycemic events (>180 mg/dL) across 7 hospitals.

Figure 5.  Length of stay (in days) before and after the project as well as in the years following. NS, not significant.
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reductions in length of stay for our diabetic patients. In par-
ticular, we noted almost a 2-day reduction in length of stay in 
diabetic patients who had not been diagnosed with diabetes 
prior to admission. This reduction in hospital stay could 
result in over 1300 fewer hospital days and a savings over $2 
million yearly. The length of stay remained unchanged for 
the remainder of the period observed—though glycemic 
rates regressed to baseline values. This suggests that the 
length of stay improvement may be more related to standard 
insulin order sets than specific glucometrics. Interestingly 
we saw increases in both hypo- and hyperglycemia after the 
completion of the project, reinforcing the importance of and 
need for continued education.

Of note, our intervention coincided with a transition from 
paper charts to an EMR across the organization, with full 
transition completed in all of the hospitals by September 
2010. Two of the 7 hospitals had not transitioned to an elec-
tronic order set at the time that study data were collected, 
though all order sets were available in all hospitals (either 
paper or electronic).

Health care providers’ lack of knowledge with regard to 
appropriate insulin use is an under appreciated obstacle to suc-
cessful achievement of glycemic goals in the inpatient setting. 
Derr et al collected almost 400 insulin knowledge surveys 
from nurses, residents, general medicine attendings, and sub-
specialists in their hospitals.19 They demonstrated that overall 
insulin knowledge scores were <60% correct. We assessed 
baseline knowledge of insulin use in a diverse group of health 
care providers and found that the percentage of questions 
answered correctly was approximately 50%, consistent with 
those previously described.19 Following our education cam-
paign, respondents demonstrated a significantly improved 
understanding of appropriate insulin use in the hospitalized 
patient. This has been demonstrated in previous studies includ-
ing residents, nurses, and midlevel providers.13,16

McIver et al published their experience implementing 
new insulin order sets over 4 hospitals in Queensland, 
Australia.20 BBI orders have been demonstrated to lead to 
less stacking of insulin doses, resulting in fewer sustained 
hyperglycemic and fewer hypoglycemic events, and are the 
advocated regimen for insulin-requiring diabetics by various 
medical organizations.9,21,22

In our project we were able to see improvements in hospital 
glucometrics (both hyperglycemia and hypoglycemia) after 
implementing new electronic BBI order sets in our health care 
organization. The result was not sustained following comple-
tion of the campaign, with slow rises in both hypo- and hyper-
glycemia. Several explanations for improvements not being 
sustained exist including the changing nursing and resident 
staff seen at the hospitals. Nursing and resident staff turnover 
would dilute the benefit of a time-limited educational cam-
paign. Hospital staff turnover has been shown to decrease 
adherence to policy and increase adverse outcomes such as 
medication errors.23 One systematic review of studies describ-
ing the effects of trainee turnover on patient outcomes 

demonstrated that there was an increase in rate of errors, 
decreased efficiency, and increased mortality during the July 
transition of new house staff to hospitals.24 Intermittent educa-
tional campaigns may be adequate to improve outcomes as the 
knowledge obtained may be durable. Another possible reason 
for the slippage of the achieved results could be following 
orders with daily titration through basal bolus order sets. Chart 
reviews post project revealed a trend toward ordering basal 
bolus but not systematically titrating to glycemic goals.

Similar to our findings, Newton and Young reported that 
implementation of a new diabetes program in their hospital 
reduced the length of stay for diabetic patients leading to 
over $2 million in savings in 1 year.25 We also noted a 
reduced length of stay for patients who were diagnosed with 
diabetes during their hospitalization. This reduced hospital 
stay could be due to increased awareness and more rapid 
achievement of euglycemia with a regimen that could be 
continued after the patient was discharged.

A shortcoming of this observational study is that not all of 
the hospitals’ physicians participated in the educational cam-
paign, yet patients for whom they cared were included in the 
study results.

Conclusion

The current study demonstrates that a targeted educational 
campaign along with the introduction of BBI order sets and 
an EMR-based ordering system leads to improvements in 
glucometrics across a multihospital system as well as insulin 
knowledge in providers and staff. The targeted educational 
campaign led to a 41% (P < .001) improvement in insulin 
knowledge test scores. The quality improvement project cou-
pled with a transition to EMR-based ordering was associated 
with a decrease in the incidence of hypoglycemic events 
from 1.47% to 1.27% (P = NS) as well as a decrease in 
hyperglycemic events 23.21% to 17.80% (P < .001). Length 
of stay was reduced by 0.33 to 1.96 days in the hyperglyce-
mic patient groups but remained unchanged in the nonhyper-
glycemic patient population. These results suggest benefits 
to the hospitalized patient with hyperglycemia by incorporat-
ing standardized insulin order sets coupled with educational 
programs managed by a glycemic control committee.

Abbreviations
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sliding-scale insulin.
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